This review paper synthesizes the recent published palaeoecological results obtained in Atlantic Equatorial Africa (ECOFIT prograni) on the history of forest ecosystems and inferred climate changes during the past 4000 years. Evidence arc mainly provided by pollen analysis carried out a t nine sites from Congo, Cameroon and Ghana, locally supported by macroflora remains, phytoliths, diatoms, 6°C and mineralogical dita.
Location map of the pollen sites inside the Guineo-Congolian phytogeographical region as defined hy White (1983): 1, Songolo; 2, Coraf; 3, Kirina; 4, Sinnda; 5, N'ganiakala; 6, Bilanko; 7, Ossa; S, Barombi Mho; 9, Bosumtwi.
(Male) -, 1957, 19S9, 1991, 1996 ; Elenga ct al., 1991; Elenga, 1992; Maley ¿k Elenga, 1993) . These forests have also suffered of shorter climatic events, such as this which took place during the last 4000years BP (Male\-, 1991 (Male\-, , 1992 Elenga et al., 1992 Elenga et al., , 1994 Elenga et al., , 1996 Elenga, 1992; Vincens et al., 1991 Vincens et al., , 1996a Vincens et al., , 1996b Vincens et al., , 1998 Reynaud-Farrera, 1995 Reynaud-Farrera et al., 1996; Maley & Brénac, 1998) . This paper summarizes the recent published Late Holocene palaeoecological researches carried out in Atlantic Equatorial Africa, mostly relevant to the ECOFIT program (CNRS-ORSTOM). For the purpose of the reconstruction of past vegetation patterns, the synthesis will be based primarily on palynological sources from nine sites, a method which is still widely used for such a work. The interpretations will be completed, on some sites, by sedimentological, limnological and Phytoliths results proceeding from the same sedimentary sequences, or, on some others, by macroflora remains and 6°C data obtained in their vicinity.
T H E P O L L E N SITES S T U D I E D
The available well radiocarbon dated palynological sequences, recovered by coring in lakes or swampy depressions, come from three African Atlantic Equatorial regions ( Fig. 1 and Table 1 ). They are, from the South to the North, the following.
The Congo with: (a) the Coraf and Songolo sites located on the littoral, today occupied by short grass-savannas with locally swampy herbaceous or dense arboreal formations (Makany, 1963; Elenga et al., 1992; Elenga, 1992 ; in preparation); (b) the lake Kitina, on the western escarpment of the Mayombe Massif, inside the semideciduous forest (Cusset, 193% Elenga et al., 1996) ; (c) the lake Sinnda, in the Nixù valley today covered hy tall grass-savannas with locally niore or less well developed patches of remained semideciduous forest (Koechlin, 1961; Vincens et o/., 1994 Vincens et o/., , 1998 ; (d) the Nganiakaln and Bilanko sites, rwo swampy arboreal depressions, located on the Eiateke plateaus occupied by grass or wooded savannas (Descoings, 1960; Makany, 1976; Schwartz, 1988; Elenga, 1992; Elenga et al., 1994) .
The Cameroon with: (a) the lake Ossa, inside the Atlantic littoral foresr with Sacoglottis gabonensis and Lophira alata (Letouzey, 1968 (Letouzey, , 1985 Reynaud 8: Maley, 1994; ReynaudFarrera, 1995 ReynaudFarrera, , 1997 Reynaud-Farrera et al., 1996) ; (b) the lake Barombi Mbo, located inside the Biafrean evergreen forest with numerous Caesalpinïaceae (Brénac, 1989; Maley, 1991 Maley, , 1996 Maley & Brénac, 1998) .
The Ghana, with the lake Bosumtwi whose basin is occupied by semideciduous forest (Hall gC Swaine, 1981; Maley, 1987 Maley, , 1989 Maley, , 1996 .
According to the sites, the time resolution of the pollen data ranges from 20 to 300ycars, except at lake Bosumtwi where only four saniples were analysed for the past 4000 years.
S Y N T H E S I S A N D I N T E R P R E T A T I O N O F T H E D A T A
The synthesis proposed for thc last 4000 years 111' in Atlantic Equatorial Africa is givcii in Fig. 2 (Table l) , from the driest site (Sinnda) to the most humid one (Ossa). The timescale was extrapolated from non calibrated ages obtained along the different sequences. The list of these ages can be found in Maley (1989) , Giresse et af. (1994) , Elenga (1992 ), Elenga et al. (1992 , 1994 , 1996 , Vincens et al. (1994 Vincens et al. ( , 1998 , Reynaud-Farrera (1995) (Dechamps et al., 1988a; Schwartz et al.. 1990 ).
In the hydromorphic depressions of the Bareke plateaus, Syzygium is largely developed on the Bilanko sire, associated with numerous Sapotaceae a t Ngamakala. Concerning the vegetation which occupied the Bateke plateaus, macroflora remains indicate the occurrence of woodlands during this period (Dechamps et al., 1988b) .
Centered around 3000-2500 years BP, a major vegetation change is registered, which has not the same pattern according to the sites.
On Elenga, 1992) .
During the last millenium, a new espansion of forest communities is registered on the sites where these formations had never completly disappeared c. 3000-2500 years BP. Thus, at Ossa, Biafrean and Atlantic littoral rainforests re-extend from 700 years BP onward; a t Kitina, a progressive reforestation of the enclosed savannas and a decrease of heliophilous elements take place c. 500years BP; at Ngamakala, swampy forests become progressively more developed from 900 years BP.
Around Sinnda, only a local ring of foresr along rhe margins of the lake expends from 650 years BP. Only the data from the Barombi Mbo site indicate an earlier reforestation dated c . 2000 years BP.
DISCUSSION
The synthesis of the data clearly shows that the African Atlantic Equatorial forests, occurring between 4"s and 7"N, and largely extended during the Middle Holocene, have been subject of important floristic, structural and palaeogeographical modifications during the last 4000 years BP. The main vegetation change centred around 3000-2500 BP is registered on all the sites where high time resolution of the data was available, indicating the great intensity and the large geographical impact of this event.
It is now clear that this major change in the forest communities is linked to an arid event, as far as, a t the same time, some lakes such as Sinnda completely dried up between 3800 and 1300years BP (Vincens et Nguetsop, 1997) . So, human impact as early as 3000 BI' can be excluded as a primary reason why forests opened or were replaced hy grasslands.
As shown above, this change had not the same pattern and was not synchronous according to che sites. These differential responses can be explained in terms of the former local stability (or fragility) of forests on each site before 30001 BP, stability (or fragility) being mainly governed by local climacc and edaphic conditions (Baumgartner, 1978; Richards, 1981) . On the present driest sites such as Sinnda, climatic and edaphic conditions prevented the persistence of forested ecosystems during this arid event, related with annual rainfall certainly below the minimum values for their survival and low water availability in the soils (Schwartz et al., 1995) . Such critical conditions led to the complete disappearance of forests in this area between 3800 and 1300years BP, just after a firsr major modification of their floristic composition towards a well marked semideciduous facies c. 4200 years BP (Vincens et al., 1998) . The same evidence is registered on the Bateke plateaus c. 3000 years BP where woodlands were replaced by open formations rich in Gramineae (Schwartz et al., 1995 (Schwartz et al., , 1996a . Nevertheless, under such critical climatic conditions, some patches of forested formations have locally maintained themselves, particularly in hydromorphic depressions (Ngamakala and Bilanko on the Bateke plateaus, and Songolo on the littoral) where, during this arid event, permanent soil moisture could have compensated for a deficit in rainfall.
On sires where climatic conditions remained above or near the minimum rainfall values for the survival of forests, such as Kitina, Ossa and Barombi Mbo, no drastic and irreversible perturbations are observed. Forests persisted with only local openings after 2700 years BP (development of heliophilous formarions or of enclosed savannas). Near the two last sites, the persistence of humid forests rich in Caesalpiniaceae until 2700 and 25OOyears BP, respectively, has been linked to the occurrence of stratiform clouds and permanent fogs over this region (Maley & Elenga, 1993) .
In addition to pollen data, some other palaeoecological studies have been carried out on the same sedimentary sequences, with similar time resolution. The most recent results obtained agree with the vegetation reconstruction and the climatic interpretation proposed above. They also point to a longer (from 4200 to 1300years BP) and less abrupt change toward aridity than previously proposed in this part of Africa (Elenga, 1992; Maley, 1992; Schwartz, 1992) , with a maximum probably centred around 3000-2500 BP. At Sinnda, when pollen data show a major change to semideciduous trees in the foresrs surrounding the lake c. 4200 years BP, phyrolirhs analyses demonstrate a first occurrence of Gramineae which indicates a beginning of fragmentation of the forests with, certainly, development of isolated enclosed savannas (Alexandre et al., 1996 (Alexandre et al., , 1997 Vincens et al., 1998) . Mineralogical studies carried out on this same,site show, from 4300years BP, a decrease of quartz and kaolinite contents and an increase of calcite and talc interpreted as a progressive reduction of rainfall (Bertaus et al., 1996) . At the same rime and with the same climatic interpretation, a decrease of quartz and kaolinite fluxes and of siderite precipiracion is registered at Kitina (Benaux et al., 1996; Elenga et al., 1996) but no major perturbation of the local forests is still observed until 2500 years ßI' linked to their relative former stability on this sire.
Thc refilling of lake Sinnda after 1300 years HI' and the recenr O Blackwell Science Ltd 1999. ]oumol of Biogeography, 26. [879] [880] [881] [882] [883] [884] [885] expansion of the forests observed around the lakes Kitina (c. 500 BP) and Ossa (c. 700 BP), and in the Ngamakala depression (c. 900 BP), despite increased human impact as shown by the appearance and development of Waeis guineensis (oil palm), confirms the re-establisment of more humid conditions over Atlantic Equatorial Africa during the last millenium. Increased rainfall is also testified from 600 to 500 BP onwards on the Congolese littoral by the resumption of erosion (Sitou et al., 1996) . On the least favourable sites, Sinnda and Coraf, the development of open grasslands and their maintenance until today are the result of three main successional andlor cumulative factors: climatic stress, low available water capacity of the soils, and, more recently, fires set by people (Schwartz et al., 1995; 1996a) .
Within this recent humid period, a brief drought was registered a t Sinnda c: 650 BP, within the interval spanned by the Little Ice Age, as evidenced by a large extension of marsh linked to a short drop in che lake level (Vincens et al., 1998) .
But, without a time resolution of the data on the forested sites as high as at Sinnda (20years in the upper part of the core), one cannot infer for the moment the impact of this climatic event o n the forests.
CONCLUSION
In Atlantic Equatorial Africa, the agreement between pollen records, macroflora remains, Phytoliths, isotopic, hydrological and hydrobiological data definirely demonstrates that climate has been the primary driving factor in the evolution of forests during the last 4000years BP. It is now clear that the great floristic, structural and palaeogeographical perturbations which have affected these forests are mainly linked to an arid event centred around 3000-2500 BP, but of longer time-scale duration than rhe one previously proposed, from 4200 to 1300 years BP. This event is responsable to the main features of the modern vegetational landscapes in this region, particularly occurrence of secondary open grasslands in some areas and of enclosed savannas inside the forests.
Such an increasing aridity during the Lare Holocene associared with major vegetation changes has been previously observed in other parts of tropical Africa (Servant & ServanrVildary, 1980; Bonnefille et al., 1991; Taylor, 1992; Ssemmanda & Vincens, 1993; Vincens, 1993; Jolly et al., 1994; Yan & PerirMaire, 1994 ) but also in other tropical regions such as India (Bryson 8: Swain, 1981; Swain et al., 1983; Caratini et al., 1994) or Tibet (Gasse et al., 1996) . The regional pattern and the contemporaneity of these records are now a strong argument against an extensive anthropogenic deforestation at this time.
During the last millenium, rehumidication and foresr advance despite human interferences are also clearly registered in the data. This partern continued onwards as shown by historical and ecological results obtained on savanna-forest boundaries in Ivory Coast, Central Africa, Congo and Cameroon (Gautier, 1989; Boulvcrr, 1990; Schwartz et ai., 1996b; l'outa Happi, 199s ) despite rainfall niarkedly below normal during the past decades in West Africa (Nicholson, 1994) .
After all, such a synthesis now clearly. demonstates rh.it research into climate changelpast, vegetation during the Holocene in Atlantic Equatorial Africa needs to resolve timescales shorter than have been previously explored (100 years or less) to lead to more precise and realistic comparisons between sites.
